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INTRODUCTION
The San Luis basin, in southern Colorado and northern New Mexico, was included in the Southwest Regional Aquifer System Analysis (SWRASA) program. The objective of the RASA program is to assemble geologic, hydrologic, and geochemical information, to analyze and develop an understanding of the aquifer system, and to develop predictive methods that contribute to effective management of the aquifer system. The SWRASA study involves parts of Colorado, New Mexico, and Texas. The San Luis basin was included as part of the SWRASA program to assess selected ground-water-quality characteristics and, if possible, to use these characteristics as a means to determine source and direction of ground-water flow.
The study of the San Luis basin was designed to fulfill the following objectives: 1. Screen existing water-quality data from the U.S. Geological Survey WATSTORE files (Hutchison, 1975) ; 2. Determine the areal distribution of water types and selected water-quality characteristics in the basin; 3. Determine sources and direction of ground-water flow; and 4. Determine guidelines for future ground-water information needs in the basin.
Purpose and Scope
The purposes of this report are to: 1. Describe the screening procedure used to evaluate water-quality data in the WATSTORE files and to tabulate data for selected waterquality characteristics. All data for each selected sample are tabulated and included in the "Supplemental Water-Quality Data" section at the back of this report. 2. Describe the water types, based on percent composition of major ions, present in the shallow aquifer system (less than 100 ft deep) and the deep aquifer system (more than 100 ft deep). Additional waterquality characteristics, including dissolved-solids concentration, water temperature, and concentrations of fluoride and tritium, also are described. 3. Describe the change in ground-water quality as ground water flows from areas of recharge to areas of discharge.
This report presents information about two major parts of the San Luis basin, the closed basin and the Conejos River subbasin. The discussion of the hydrogeology of the New Mexico area is minimal because available data are few. The hydrogeology of the San Luis basin has been studied by many investigators, but they have concentrated on the closed basin (as discussed in the "Previous Studies" section). The Conejos River subbasin was emphasized in this report because it is vital hydrologically for inflows to the Rio Grande, and because information about this area has not been reported extensively.
The WATSTORE file (Hutchison, 1975) contains information on 486 water samples collected from 1940 to 1985. The samples represent 367 separate sampling sites.
Physical and Geohydrologic Setting
The San Luis basin is located in parts of nine counties in south-central Colorado and two counties in north-central New Mexico ( fig. 1 ). In Colorado, the basin is bounded primarily by the Culebra Range and Sangre de Cristo Mountains to the east and the Cochetopa Hills and the San Juan Mountains to the west. The western boundary primarily is delineated by the Continental Divide. In New Mexico, the basin is bounded by the Sangre de Cristo Mountains to the east and in part coincides with the Taos and Rio Arriba County lines to the west.
The San Luis Valley is the part of the San Luis basin adjacent to the Rio Grande and its major tributaries ( fig. 1 ). The valley is about 125 to 150 mi long and 50 mi wide; it is flanked by the San Juan Mountains to the west and the Sangre de Cristo Mountains to the east. The San Juan Mountains and the Sangre de Cristo Mountains meet at the northern end of the valley and form a northern boundary. The southern boundary of the valley is not well defined and has been arbitrarily set about 15 mi south of the Colorado-New Mexico border by Siebenthal (1910) . The physiographic setting of the San Luis basin has been described in various reports. The San Luis basin contains the San Luis Valley in southcentral Colorado and the Taos Plateau in north-central New Mexico. The basin is a structural depression that lies between the Sangre de Cristo Mountains to the east and the San Juan Mountains to the west (Burroughs, 1981) . Upson (1939) subdivided the basin into five physiographic provinces the Alamosa Basin, the San Luis Hills, the Taos Plateau, the Costilla Plains, and the Culebra Reentrant ( fig. 2) . i
EXPLANATION
CONEJOS RIVER SUBBASIN
The San Luis basin has an arid to semiarid climate. Mean annual air temperature at Alamosa is 6 °C; mean annual precipitation is 7 in.; mean annual snowfall is 36 in. The data are based on 20 years of record from 1951 to 1970 (ENMAP Corporation, 1981) . Monthly mean precipitation for Alamosa, Colo., is shown in figure 3 ; monthly mean snowfall is shown in figure 4 ; monthly mean maximum and mean minimum air temperatures are shown in figure 5 (ENMAP Corporation, 1981) . The dry environment and prevailing southwesterly winds facilitated development of sand dunes in Great Sand Dunes National Monument, located in parts of Saguache and Alamosa Counties.
West of Alamosa, in the San Juan Mountains, the mean annual air temperature is 3 °C; mean annual precipitation is 41 in.; mean annual snowfall is 364 in. These data indicate that the San Juan Mountains have a cooler and wetter climate than does the San Luis basin. Because of the larger quantity of rain and snow and the lower air temperature, much of the ground-water recharge and surface-water discharge originates in the mountains that surround the valley floor of the basin. i
Agriculture is a major use of water in the basin. Irrigated areas receive water from ground-and surface-water sources. Water in the basin in New Mexico primarily is used for domestic purposes, but some water is used for agriculture.
A significant geologic feature that affects the hydrology of the San Luis basin in Colorado is a confining clay layer that occurs throughout large parts of the basin (Emery and others, 1973, pi. 2) . This clay layer separates an unconfined aquifer from a confined aquifer.
North of Alamosa, water in the shallow unconfined aquifer flows within a topographically closed basin where evapotranspiration losses are the major discharge from the ground-water system, and dissolved-solids concentrations may exceed 30,000 mg/L (see tables 4 and 5 in the "Supplemental Water-Quality Data" section at the back of this report). Water from the surface and from the unconfined aquifer does not flow out of the closed basin. Some water from the confined aquifer may flow out of the closed basin.
The headwaters of the Conejos River are in the San Juan Mountains. After leaving the mountains, the river generally flows northeasterly along the western side of the San Luis Hills. The Conejos River joins the Rio Grande near the northern extent of the western San Luis Hills. The river generally is losing water to ground water in its upper reaches and gaining water from ground water in its lower reaches (E.L. Nickerson, U.S. Geological Survey, written commun., 1986). The Conejos River flows over unconfined and confined aquifers. Emery and others (1973, pi. 2) approximated the extent of a confining clay layer that has southern limits near Manassa, Colo. (fig. 1 ). Emery and others (1973) also reported approximate depth to the uppermost lava flow in this same area, which is the principal confining unit. Gravel beds are interbedded with lava flows, forming a lava-gravel complex that is recharged near the outcrops of the lava. The water then flows downgradient either through the lava flows, the gravel, or both. Potentiometric contours for the area indicate that ground-water generally flows northeasterly toward Mclntire Spring ( fig. 2 ) (Emery and others, 1973, pi. 6; Crouch, 1985) . Lava flows in the same area tend to dip to the north, indicating that water in the lava moves deeper as it flows north.
A fault, commonly known as the Manassa fault ( fig. 2) , lies somewhat parallel to the Conejos River near the San Luis Hills. This fault, or other attendant faults, may allow upward leakage from the confined aquifer to the many springs in the area.
Previous Studies
The closec} basin ( fig. 1 ) north of Alamosa was studied in detail by Huntley (1976) , who divided the basin and nearby mountains into three distinct but hydrologically connected regions. The Sangre de Cristo Mountains were considered a region of relatively low, depth-dependent permeability, and the San Juan Mountains and the San Luis Valley, where the closed basin is located, were considered regions of moderate to high permeability. Huntley (1976) stated that: i "Ground-water recharge to the western San Luis Valley is primarily from ground-water flow in the volcanic rocks of the San Juan Mountains. Ground-water recharge to the eastern valley is primarily from seepage of surface water into the upper parts of the alluvial fans bordering the eastern edge of the valley." Huntley also indicated that the limit of the flowing wells in the San Luis Valley did not correspond to the limit of the confining clays. Because of the interconnection of aquifers in the San Luis Valley, Huntley also noted that development of one aquifer would affect other aquifers. Huntley noted that, while bicarbonate was the major anion throughout the closed basin, the major cation changed from calcium in areas of recharge along the basin margins to sodium near the center of the basin. This change in the predominant cation mainly resulted from cation exchange on the clays. Huntley used ratios of calcium to sodium to define the lateral extent of the confining layers, and he noted that the change from calcium to sodium along the eastern margin of the closed basin resulted from hyperfiltration through the confining clay. Hyperfiltration results when water driven by hydraulic head flows through a semipermeable membrane, and ionic solutes remain on the input side of the membrane, Emery and others (1971, 1972, 1973, 1975) described the closed basin and the Colorado part of the San Luis basin. These reports presented data, described hydrology and water availability, and documented an electric-analog model of ground-water flow in the valley. Huntley ! s (1976) findings mostly agreed with the findings of these reports. One difference in interpretation between the reports was that Huntley indicated that the confining clay extended farther to the east than Emery and others predicted. Huntley noted that chemical evidence and a gradual eastward thickening of the entire clay series might imply that the clays terminated at the Sangre de Cristo fault ( fig. 2 ). Emery and others (1971, 1972, 1973, 1975) assumed the clays ended 4 or 5 mi west of the Sangre de Cristo fault.
More recent work in the valley includes a report by Edelmann and Buckles (1984) that describes the quality of ground water in agricultural areas in the San Luis Valley. The authors determined that the chemical quality of ground water in the area generally is suitable for domestic and agricultural uses. However, water from the unconfined aquifer near Center, Colo. ( fig. 1 ), contained excessive concentrations of dissolved nitrite plus nitrate as nitrogen (33 mg/L), because of recharge from irrigated fields. Dissolved nitrate as nitrogen that exceeds 10 mg/L in a drinking-water supply can harm infants younger than 3 months old (U.S. Environmental Protection Agency, 1986). However, excessive nitrogen concentrations can be beneficial to crops as fertilizer. I
is Edelmann and Buckles (1984) also determined that large concentrations of dissolved solids occur in some areas. The salinity hazard associated with the water in those areas can decrease crop yields. The authors noted that the "...high salinity hazard in ground water seems to occur in those areas where evapotranspiration from a shallow water table and leaching of salts by recirculation of applied water may be concurrently concentrating the dissolved solids in the ground water." A sodium hazard also existed in some areas that had large dissolved-solids concentrations. Without careful management practices, use of water having a high sodium hazard can decrease crop yields severely. Burroughs (1981) evaluated the hydrogeology and the quality of water from the confined aquifer in Colorado and New Mexico. He noted that the confined aquifer was composed of volcanic, volcaniclastic, and other rocks, and that it was located between the confining clay series and the basement Precambrian rocks. Dissolved-solids concentrations that occur at depths of 5,304 to 5,491 ft were about 4,000 mg/L. Chloride concentrations ranged from 2,800 to 3,100 mg/L.
The most comprehensive evaluation of the New Mexico part of the San Luis basin was made by Winograd (1959) . His work primarily focused on the Sunshine Valley and the area in western Taos County. The report evaluated the availability and occurrence of ground water in conjunction with the geology of the area. Ground-water quality in alluvial sediments in the Sunshine Valley ( fig. 1 ) in New Mexico was evaluated based on data from nine wells (Winograd, 1959) . Dissolved-solids concentrations were less than 200 mg/L, and the water did not contain excessive concentrations of trace elements. Water from lava deposits also was sampled at three spring sites and one stock well. The quality of water in these materials was similar to the quality of water in alluvial sediments. Dissolved-solids concentrations ranged from 144 to 155 mg/L. In general, the water was acceptable for domestic and irrigation uses.
DESCRIPTION OF THE DATA BASE
Only data readily available from the U.S. Geological Survey WATSTORE computer data file (Hutchison, 1975) were used in this report. Well depth and specific chemical constituents were used as criteria for selecting results of analyses so that a consistent set of water-quality data were available for evaluation. The WATSTORE file contains data for 486 samples collected from 1940 to 1985. The samples represent 367 separate sampling sites. Fifty-three of the samples are from springs, and the remainder are assumed to be from wells.
Wells and Springs
The depth of a well is indicative of the aquifer sampled. The location of perforated intervals in the well casing and the method of well completion also can help determine the source of the water sampled. However, the WATSTORE file did not contain information about the method or zone of completion for most wells. If a well is completed in more than one aquifer, or if the well is assumed to be completed in one aquifer when it actually is completed in two aquifers, mixing of aquifer waters can result, and interpretation of the geochemistry may be misleading or false. For this report, the wells were assumed to be completed in only one aquifer, either the unconfined aquifer above the clay-layer or the confined aquifer below the clay layer. Wells less than 100 ft deep are assumed to be completed in the unconfined aquifer, and wells more than 100 ft deep are assumed to be completed in the confined aquifer. Reported depth of the well is assumed to be the depth from which water was sampled; only 149 wells had well-depth information.
To help understand the hydrology of the Conejos River subbasin, two of the springs, Mclntire Spring and Dexter Warm Spring, were investigated, as were nearby wells tapping the aquifers that may yield water to the springs. The depth of the wells was assumed to approximate the depth from which the wells are drawing water. Mclntire Spring is located beside the San Luis Hills along the Conejos River and near the Manassa fault ( fig. 6 ). WATSTORE-file data were combined with data collected for this study to help understand the ground-water flow system near Mclntire Spring ( fig. 6 ), data from the well are included in the data set because it is the only well completed in the unconfined aquifer near Mclntire Spring. The assumption is made that the quality of water from the well is typical of water from the unconfined aquifer near the San Luis Hills. Because previous studies in the basin had different objectives, waterquality information in the WATSTORE file has a large number of variables. Principal criteria for results of analyses to be used in this report were: (1) An acceptable ionic balance and (2) analyses for specific constituents deemed necessary for interpretation. Results of analyses were grouped into those for water from the unconfined aquifer and those for water from the confined aquifer, based on well depth. Some wells identified as being completed in the confined aquifer are located beyond the limit of the confining clay layer. Whether these wells actually tap the confined aquifer is not known. Data from the wells were included in the confined-aquifer grouping because the true limits of the confining clay layer are not known, and the wells are completed in deeper w;.ter-bearing zones.
A sufficient number of major cations and anions had to be included in the results of analysis to calculate an ionic balance, where: ionic balance^!(cations-anions)/(cations+anions)JxiOO.
Sample analyses that had an ionic-balance difference larger than 10 percent were excluded from the data set; 13 analyses exceeded this limit. The histogram in figure 8 shows the frequency distribution of the analyses that have an ionic balance between -10 and +10 percent.
Each result of analysis was required to have measured values for temperature, pH, calcium, magnesium, potassium, sodium, alkalinity or bicarbonate, chloride, fluoride, and sulfate. These constituents were deemed necessary for definition of water type and for interpretation of water-quality characteristics.
The final data set included results of 131 analyses that represented 118 sites (99 wells and 19 springs). Each of these results met the above criteria for evaluation. The location of each sampling site is shown on plate 1, and a complete listing of water-quality data is in tables 4 and 5 in the "Supplemental Water-Quality Data" section at the back of this report.
SELECTED WATER-QUALITY CHARACTERISTICS AND FLOW OF GROUND WATER
Evaluation of water-quality data can help describe the hydrology of an area. Differences in water quality can indicate that separate aquifers are present, or that water in a single aquifer is flowing from an area of recharge to an area of discharge. In general, water quality changes as water moves along a flow path. Major cations and anions present in ground water change as the water moves through the aquifer system. Chebotarev (1955) reported that ground water evolves chemically toward the composition of seawater as the water becomes older and flows downgradient in a sedimentary basin. Calcium bicarbonate type water generally has small dissolved-solids concentrations, and its presence generally indicates active movement of ground water; thus, the presence of calcium bicarbonate type water is typical in areas of recharge. Calcium sulfate type water generally is associated with larger dissolved-solids concentrations, as it is derived mostly from dissolution of readily soluble minerals such as gypsum. Calcium or sodium chloride type water, also is associated with larger dissolved-solids concentrations, and its presence may indicate little circulation of water.
Water Type
Huntley (1976) used schematic hydrochemical cross sections to indicate differences in the ratio of calcium to sodium in water from the unconfined and confined aquifers in the closed basin. He indicated that, as ground water flows toward the center of the San Luis basin, the ratio of calcium to sodium decreases, indicating that calcium is being replaced by sodium as the major cation.
Cation exchange and dissolution processes are likely to occur in the San Luis basin because water is flowing through carbonate minerals and clay deposits. Anion water type will change from bicarbonate to sulfate to chloride. Most of the water discussed in this report is a calcium or sodium bicarbonate water type. | Water types in the study area are shown in figures 9 and 10. The confining clay is assumed to mark the boundary of the confined aquifer. In this report, for water to be considered dominated by a specific cation, that cation must be present at least 50 percent-by-composition in the water sample. A fairly straightforward change in water type can be seen in figures 9 and 10: water at the perimeter of the basin primarily is a calcium bicarbonate type; water near the center of the basin primarily is a sodium bicarbonate type. This relation indicates the chemical evolution of ground water, and also indicates that flow is toward the center of the basin. The cation change probably is the result of cation exchange of calcium for sodium on clay minerals. This particular exchange is useful in the San Luis basin for depicting direction of ground-water flow.
Cation exchange of calcium for sodium on clay minerals is a process that is assumed to occur in the Conejos River subbasin, as in the rest of the San Luis Valley. Waters from upgradient wells are all calcium bicarbonate types. Waters from downgradient sites are all sodium bicarbonate types, except for Mclntire Spring, which yields calcium bicarbonate type water ( fig. 7 ). With the exception of Mclntire Spring, the change in water type could be interpreted to be the normal chemical evolution of the ground water. Simply based on this information, the source of water for Mclntire Spring could be assumed to be a point along a flow path related to the confined aquifer. Selected water-quality characteristics for wells and springs in the Conejos River subbasin are listed in table 2. 
Dissolved-Solids Concentrations
Another indicator of water quality and ground-water-flow direction is dissolved-solids concentration. As ground water flows downgradient, additional minerals are dissolved until the water becomes saturated with respect to the rock minerals with which it is in contact. The dissolution process results in larger dissolved-solids concentration downgradient.
Dissolved-solids concentrations in water from the confined aquifer increase downgradient and with depth; however, the dissolved-solids concentration exceeded 500 mg/L in only one sample. By contrast, dissolved-solids concentrations in water from the unconfined aquifer change as water flows to the center of the closed basin ( fig. 11 ), and many samples had dissolvedsolids concentrations larger than 500 mg/L. Dissolved-solids concentrations at the center of the closed basin exceeded 30,000 mg/L in three samples. The large dissolved-solids concentrations primarily are the result of evapotranspiration (evaporation plus transpiration) from the shallow unconfined aquifer, because water levels in the unconfined aquifer are only 2 or 3 ft below land surface at many locations in the closed basin. As a result, evapotranspiration can remove water from the unconfined aquifer. Dissolved-solids concentrations increase with evapotranspiration because the ions become more concentrated as water leaves the system, causing the remaining water to have more dissolved solids per unit volume of water. Thus, evapotranspiration can be a significant factor affecting dissolved-solids concentrations. Concentrations in shallow ground water also can be increased through use and reuse of the water for irrigation.
The dissolved-solids concentrations in the unconfined aquifer may be affected by dissolution of minerals along the flow path, evapotranspiration, or recharge from irrigation return flow. Water in the unconfined aquifer (sites 23 and 26) has a substantially larger concentration of dissolved solids than water from the springs or downgradient wells that tap the confined aquifer (figs. 6 and 7). Dissolved-solids concentrations in water from the springs also are in the same range as they are in the confined aquifer downgradient. Therefore, based on the data available, Mclntire Spring and Dexter Warm Spring seem to be receiving water primarily from the confined aquifer and not from the unconfined aquifer. However, minor contributions from the unconfined aquifer cannot be ruled out without additional information.
Water-quality data are available for 10 springs in the New Mexico part of the study area. These springs are along or near the Rio Grande. Because of the lack of ground-water information in the area, the source of water issuing from the springs cannot be verified. Selected water-quality characteristics of these springs are listed in table 3.
In the Conejos River subbasin, water from upgradient wells completed in the confined aquifer has a dissolved-solids concentration ranging from 110 to 118 mg/L. Water from downgradient wells completed in the confined aquifer has larger dissolved-solids concentrations (larger than 200 mg/L at sites 32 and E, fig. 6 ) than water from upgradient wells completed in the same aquifer. The increase in dissolved solids can represent the natural increase in dissolved solids from dissolution as water flows downgradient. Downgradient in the unconfined aquifer at site 26, the concentration of dissolved solids is larger than at the other downgradient sites (figs. 6 and 7 Ground-water temperature and fluoride concentrations commonly increase with depth and in relation to volcanic or geothermal activity. Measurement of water temperature and analyses of fluoride concentrations can help characterize an aquifer. Therefore, because lava flows are present in strata of the San Luis basin, the results of chemical analyses of ground-water samples were evaluated to determine if volcanic or geothermal sources affect the quality of water in the basin aquifers. |
The quality of water in selected volcanic environments was. documented by White and others (1963) who reported that water temperatures in volcanic areas generally were warmer than 50 °C; ground water in the San Luis basin rarely is warmer than 25 °C. Therefore, ground-water temperatures in the San Luis basin probably are the result of the normal thermal gradient with depth and not the result of volcanic activity.
The temperature of water from wells in the Conejos River subbasin is about 13 °C. Temperatures of water from the downgradient springs and from wells in the confined aquifer range from 16 to 24 °C ( fig. 7) . Based on the temperature information, the source of water for the upgradient sites is the unconfined aquifer, while the source for the downgradient sites is the confined aquifer. The exception downgradient is at site 26, where the well is completed in the unconfined aquifer (figs. 6 and 7).
«
Fluoride concentrations may be larger in water that is affected by volcanism (Hem, 1978) . Fluoride concentrations north of the Rio Grande in the closed basin have been reported as exceeding drinking-water standards (Emery and others, 1973; Huntley, 1976) . However, large concentrations of fluoride were not found in ground water near the San Luis Hills where volcanic activity occurred. The ratio of fluoride to chloride commonly is useful for indicating that a disproportionate quantity of fluoride occurs in water from rocks of volcanic origin. However, comparison of the ratios of fluoride to chloride did not indicate a pattern. Therefore, fluoride concentrations in the San Luis basin probably have not been affected by volcanism.
Tritium Concentrations
Radiochemical dating of ground water by tritium analysis was used to help evaluate whether or not Mclntire Spring and Dexter Warm Spring in the Conejos River subbasin yield (1) a mixture of water from the confined and unconfined aquifers, or (2) water solely from the confined aquifer.
Tritium occurs naturally in the atmosphere in very small quantities; one tritium atom occurs naturally for every 10 18 atoms of hydrogen. Tritium also is radioactive and has a half-life of 12.3 years. Atmospheric thermonuclear testing began in 1952 and continued until 1969. These tests resulted in the introduction of bomb-made tritium into the atmosphere. Atmospheric-tritium concentrations changed from pre-1952 levels of 5 to 10 tritium units, to post-1952 levels of 100 T s or 1,000's of tritium units. Tritium occurs naturally in precipitation, some of which enters the ground-water system as recharge. Therefore, recharge from precipitation prior to 1952 likely would have concentrations of less than 10 tritium units; precipitation that entered the ground after 1952 likely would have larger concentrations of tritium.
Mclntire Spring and Dexter Warm Spring were sampled for tritium concentrations. Very small concentrations of tritium would imply that the springs yield water that entered the aquifers prior to 1952. Large tritium concentrations would imply that the springs yield water that entered the aquifers after 1952. Large tritium concentrations in the spring water could indicate that the unconfined aquifer, irrigation-return flow, local recharge, or any combination of the three is the source of water to the springs.
Results of the tritium analyses indicated that water from Mclntire Spring contained 5.75 tritium units and that water from Dexter Warm Spring contained 7.66 tritium units. These small concentrations of tritium indicate that the springs are being supplied by pre-1952 water. Therefore, the results of the tritium analyses also support the conclusion that Mclntire Spring yields water from the confined aquifer. The tritium analyses are not, however, conclusive proof of this conclusion because of the unknown length of the ground-waterflow path.
The mechanism by which water from the confined aquifer discharges upward to the springs is unknown. A geologic section of the area ( fig. 12 , modified from an unpublished map from the Colorado Geological Survey, Department of Natural Resources, Office of the State Engineer, 1978) shows a geologic feature that may account for the upward flow--the Manassa fault. This fault or attendant faults may provide a conduit for upward flow of water from the deeper confined lava-gravel complex to Mclntire Spring. The upward discharge also could be explained if the confining clay is not present near the San Luis Hills. If the confined and unconfined aquifers are in direct contact, ground water could flow upward and discharge to the springs. Chemical data, ground-water flow direction, and geologic structure indicate that the confined aquifer is the source of water for Mclntire Spring. However, this finding is not conclusive because it is based on only a few samples from Mclntire Spring, Dexter Warm Spring, and the nearby wells. Additional sampling and analyses are needed for verification of the source of water for Mefritire Spring. Other springs in the area may have different sources of water.
FUTURE GROUND-WATER INFORMATION NEEDS
Improved understanding of ground-water resources in the San Luis basin depend on development of an expanded data base and establishment of a monitoring program. Much of this effort could accomplished through expanded data collection at established sites. However, interagency sharing of data and some new test drilling, installation of piezometers, and geophysical investigations would greatly enhance the effort.
About 15,000 wells have been completed in the San Luis basin. A data base consisting of an inventory of these wells could be compiled by combining information from local, State, and Federal data bases. At a minimum, the information for each well should include location, depth, type (municipal, domestic, irrigation, and so forth), and yield.
Representative wells from the inventory could be selected to refine the current geochemical assessment of the basin. These wells could be selected for intensive monitoring along typical ground-water-flow lines. Data needed for each of these wells include: (1) Well depth, (2) zone of completion, (3) method of completion, (4) well logs, (5) mineralogy of strata penetrated, (6) original equilibrated depth to water, (7) yield and results of pumping tests, and (8) original equilibrated water chemistry (major cations/anions and selected trace elements and environmental isotopes). Quality-assurance standards also are needed to ensure that data from the selected wells are compatible.
An initial 1-year monitoring program could be established to address specific questions. The program could include collection of the following data from selected sites:
1. Quarterly measurements of depth to water in wells. 2. Continuous recording of depth to water in wells adjacent to springs. 3. Quarterly sampling of wells for chemical analyses of major cations/anions and selected trace elements. 4. Sampling of wells in the closed basin for analysis of tritium. 5. Quarterly measurements of spring discharge. 6. Sampling of all springs at least once, for the same chemical analyses as for wells, including tritium; quarterly sampling and analysis of water from springs of special interest. 7. Quarterly streamflow gain or loss measurements and sampling for chemical analysis of the Rio Grande and Conejos River.
Evaluation of the 1-year monitoring program would indicate whether activities at some sites could be discontinued, changed in type or scheduling of data collection, or continued on a long-term basis.
Data are limited in parts of the basin, especially ouside the closed basin area in Colorado, in the Conejos River subbasin in Colorado, and in the area south of the San Luis Hills in New Mexico. In these areas, additional test drilling and installation of piezometers and monitoring wells would aid definition of ground-water flow paths.
Finally, the geologic faults in the basin need to be located more accurately using geophysical methods. Data on fault locations, combined with streamflow, spring-discharge, and water-quality data, could help resolve questions about the effect of the faults on the hydraulic connection between aquifers and the discharge of springs.
Economic demands on the water resources have produced many studies in the Colorado part of the San Luis basin. The same economic interests do not seem to be present in New Mexico. However, monitoring of ground water in the area south of the San Luis Hills would help define the hydraulic continuity or discontinuity of that area with the ground-water system in the Conejos River subbasin. Information from such a study would be valuable to water users along the Conejos River and the Rio Grande. Identification of the source of spring water and ground-water inflow to the Rio Grande in New Mexico would be useful information to water managers of the Rio Grande throughout New Mexico.
SUMMARY AND CONCLUSIONS
The San Luis basin in southern Colorado and northern New Mexico is bounded primarily by the Culebra Range and Sangre de Cristo Mountains to the east and by the Cochetopa Hills and San Juan Mountains to the west. The southern boundary is arbitrarily placed about 15 miles south of the ColoradoNew Mexico border. The basin has been subdivided into five physiographic provinces the Alamosa Basin, San Luis Hills, Taos Plateau, Costilla Plains, and Culebra Reentrant.
The basin area is underlain by a surficial (less than 100 feet thick) unconfined aquifer and, in turn, by a confining bed and a deeper confined aquifer. The aquifers are recharged around the edges of the basin. Water in the unconfined aquifer moves toward a topographically closed basin north of Alamosa and is discharged primarily by evapotranspiration. There is no ground-water or surface-water flow out of the closed basin. Water in the confined aquifer (confined by an extensive clay layer) moves toward the closed basin and the principal streams and discharges (1) upward along faults to springs, (2) upward by leakage to the unconfined aquifer in areas where the clay layer is absent, and (3) to the Rio Grande and Conejos River.
Data on the chemical quality of water from wells and springs in the San Luis basin were retrieved from the WATSTORE file for evaluation in this study. The data were separated into results of chemical analyses having an ionic balance within 10 percent and analyses for specific constituents deemed necessary for this study. The data were further separated into results from the unconfined and confined aquifers. The final data set for evaluation included results of analyses from 99 wells and 19 springs.
The evaluation of water-quality data showed that ground water at the perimeter of the San Luis basin is primarily a calcium bicarbonate type, which is typical in recharge areas. Ground water near the center of the basin is primarily a sodium bicarbonate type, which is typical of ground water in downgradient areas. The change in principal cation from calcium to sodium indicates chemical evolution of the water along the ground-water flow path and supports previously developed concepts of ground-water movement in the basin.
The exchange of calcium for sodium along the flow path also is assumed to occur in the Conejos River subbasin. Upgradient wells yield calcium bicarbonate type water, whereas downgradient wells yield sodium bicarbonate type water. However, an exception to this relation is found at Mclntire Spring, which yields calcium bicarbonate type water from a downgradient location. The source of water discharging from the spring may be the confined aquifer, with hydraulic connection along the Manassa fault.
Previously developed concepts of ground-water movement in the San Luis basin also are supported by areal changes in dissolved-solids concentrations. The concentration of dissolved solids in water from both the unconfined and confined aquifers increases downgradient. The increase is dramatic in the closed basin, ranging from less than 500 mg/L to more 30,000 mg/L. In this area, the normal increase in concentration by dissolution of minerals along the flow path is exceeded by the increase due to evapotranspiration from the shallow water table.
Improved understanding and management of ground-water resources in the San Luis basin depend on development of an expanded data base on wells. In addition, this understanding and management depend on the establishment of a comprehensive program for monitoring water levels and water quality. .840 -- ..
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